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EXECUTIVE SUMMARY
The purpose of the project was to improve the methods used to assess the risks of contaminants to wildlife. Currently, this assessment is based on the assumption that literature-derived toxicity test endpoints (e.g., mortality and reproduction) that are based on individual animals can be used to estimate thresholds for population-level effects. Moreover, species sensitivities to contaminants must be considered when selecting assessment endpoints, yet data on the sensitivities of many birds and mammals are unavailable. Results obtained in this research will be used to more accurately assess risks of contaminants to wildlife populations and thereby avoid unnecessary costs resulting from risk assessments that are too conservative because of data limitations. Several significant improvements in wildlife risk assessment methods have resulted from this project. First, a database of acute toxicity data for more than 200 chemicals was developed and used to evaluate the sensitivity of birds and mammals to contaminants. Knowing these species sensitivities will result in the selection of more appropriate assessment endpoints in ecological risks assessments.
Second, allometric scaling models were developed for each chemical to enable the extrapolation of toxicity values from one species to another. Use of these models reduces the uncertainty associated with limited data and provides a more accurate assessment of the risks to wildlife.
Finally, this project addressed the problem with existing risk assessment methods that can not adequately estimate the relationship between toxic effects on individuals and toxic effects on populations. To address this problem, age-structured and stage-structured matrix models were developed that explicitly include the potential effects of contaminants on growth, reproduction and mortality, and that link these effects to long-term population stability and viability. While current practice assumes that these toxicity test endpoints are equivalent to population-level effects, 100-year simulations with these models demonstrated a scientifically sound approach for realistically extrapolating individual-level effects of contaminants to the population level. Additional knowledge of species sensitivities to chemical contaminants and better models to extrapolate effects between species and from individuals to populations will substantially improve the accuracy of ecological risk assessments by reducing uncertainty, resulting in the more efficient use of limited DOE funds.
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RESEARCH OBJECTIVES
The objective of this project is to provide DOE with improved methods to assess risks from contaminants to wildlife populations. The current approach for wildlife risk assessment consists of comparison of contaminant exposure estimates for individual animals to literature-derived toxicity test endpoints. These test endpoints are assumed to estimate thresholds for population-level effects.
Moreover, species sensitivities to contaminants is one of several criteria to be considered when selecting assessment endpoints (EPA 1997 and 1998 ), yet data on the sensitivities of many birds and mammals are lacking. The uncertainties associated with this approach are considerable. First, because toxicity data are not available for most potential wildlife endpoint species, extrapolation of toxicity data from test species to the species of interest is required. There is no consensus on the most appropriate extrapolation method. Second, toxicity data are represented as statistical measures (e.g., NOAELs or LOAELs) that provide no information on the nature or magnitude of effects. The level of effect is an artifact of the replication and dosing regime employed, and does not indicate how effects might increase with increasing exposure. Consequently, slight exceedance of a LOAEL is not distinguished from greatly exceeding it. Third, the relationship of toxic effects on individuals to effects on populations is poorly estimated by existing methods. It is assumed that if the exposure of individuals exceeds levels associated with impaired reproduction, then population level effects are likely. Uncertainty associated with this assumption is large because depending on the reproductive strategy of a given species, comparable levels of reproductive impairment may result in dramatically different population-level responses.
This project included several tasks to address these problems: (1) investigation of the validity of the current allometric scaling approach for interspecies extrapolation and development of new scaling models; (2) development of dose-response models for toxicity data presented in the literature; and (3) development of matrix-based population models that were coupled with dose-response models to provide realistic estimation of population-level effects for individual responses.
Uncertainties associated with the current approach to wildlife risk assessment may have direct impacts on DOE EM satisfactorily fulfilling its mission in two ways. First, risk estimates may be too conservative and therefore remediation may be recommended when it is not needed. It is generally recognized that high uncertainty leads to unnecessary caution in decision-making to avoid adverse consequences (McKelvey 1996; Policansky and Magnuson 1998) . Consequently, limited remediation funds may be spent for insignificant or non-existent risks and possibly cause a net increase in environmental damage due to unnecessary habitat destruction. Second, risk estimates may not be 2 adequately protective and therefore remedial actions may not be recommended when they are needed.
The consequences of this uncertainty are environmental damage and potential liability in Natural Resource Damage Assessments. Either of these alternatives results in inefficient use of limited EM funds. This project provides the tools to better estimate population-level effects and thereby reduce the uncertainty associated with wildlife risk assessments.
METHODS AND RESULTS
This project consisted of four inter-related tasks, as described below:
1.
Development of toxicity data base. A data base of the literature on acute toxicity of chemicals to birds and mammals was developed. 2. Development of dose-response models. Wildlife acute toxicity dose-response models were developed to estimate risks to wildlife for a range of exposures when effects data are available for only a partial range of exposures. Following a literature review to define modeling approaches, a protocol was developed to fit 2-, 3-, or 4-parameter logistic models to literature-derived toxicity data. The resulting models were used to define the dose that corresponded with selected levels of effects, and the resulting dose-response models were used in the development of the wildlife population models.
3. Development of improved methods for extrapolation of toxicity between species. One of the existing extrapolation methods, allometric scaling, is based on the premise that the excretion and metabolism of toxic chemicals are a function of metabolic rate, which, in turn, varies as a function of body weight. Using the data base developed as the initial task of the project, linear regression models of lethal dose vs. body weight (using logtransformed data for both variables) were developed for each chemical . To assess species sensitivity, residuals from the allometric scaling 3 regression models were analyzed (i.e., the difference between the measured value and the value estimated by the regression model; see Figs. 1 and 2) . A one-tailed binomials test (Zar 1984 ) was used to test the frequency of positive residuals (measured toxicity for the test species is underestimated relative to other species in the model, and the species is insensitive) and negative residuals (measured toxicity is overestimated relative to other species in the model, and the species is sensitive). Unlike the patterns of sensitivity among mammalian species, which were relatively constant across chemical classes (e.g., chlorinated hydrocarbons, carbamates, organophosphates, etc.), the patterns of sensitivity of avian species was not constant across chemical classes. The allometric scaling models were used in scaling up from individual to population-level effects in Task 4. Due to the wide variability of scaling factors among chemicals, use of chemical-specific scaling may be more appropriate than one general scaling factor.
With these new allometric scaling models, the extrapolation of toxicity effects between species is much improved, thus providing a more accurate assessment of risks when data are limited.
4.
Development of population models for wildlife species. Significant uncertainty exists over the occurrence of population-level effects when individual animals are exposed to contaminant concentrations that exceed those associated with impaired reproduction.
For example, depending upon the reproductive strategy of a given species, comparable levels of impairment may result in dramatically different population-level responses. To examine this problem, age-based matrix models of representative bird life history strategies and stage-based matrix models of 25 bird species were developed that explicitly included the potential effects of contaminants on fecundity and mortality.
Using 100-year simulations, both the age-and stage-based model results showed that the population-level effects inferred from contaminant effects on individuals were often less than the population-level effects predicted by model simulations. These models are valuable tools in assessing the risks of contaminants to wildlife species. The age-based and stage-based modeling approach is highly versatile and flexible. Our analyses demonstrated a scientifically valid approach for realistically extrapolating individual-level contaminant effects to the population level.
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RELEVANCE, IMPACT, AND TECHNOLOGY TRANSFER
This project developed new scientific knowledge that addresses the problem of assessing risks of contaminants to wildlife populations. Because remediation at CERCLA sites is based on the assessment of both human health and ecological risks, better ecological assessment methods can reduce uncertainties when data are limited and thus more accurately evaluate remedial action alternatives.
Uncertainties may directly impact the fulfillment of the DOE EM mission in two ways. If toxicity values are too conservative, risks to wildlife may be overstated and remediation may unnecessarily be recommended. On the other hand, some toxicity values may not be protective enough, and risks to wildlife will be underestimated; in this case, remedial actions might not be recommended when they are needed. Both alternatives could result in significant increases in cost and schedule without meeting DOE compliance requirements.
This research project utilized basic knowledge about the mechanisms of chemical toxicity and wildlife population dynamics to effectively bridge the gap between basic research and applied technology and produce new methods that can be applied immediately to the risk assessment process.
Results from the project can be used by individuals, companies, or institutions that are responsible for waste site remediation, including the assessment of risks. While additional research is needed, as described under Future Work, the risk assessment methods that have been developed from this EMSP project have been published and can be incorporated in CERCLA risk assessments now. Their publication in peer-reviewed journals document their scientific credibility. There are no obvious major hurdles to their widespread acceptance and use. Interest in the results of the project were expressed by the Electric Power Research Institute (EPRI) and a private firm, Applied Biomathematics, Inc., which has extensive experience conducting ecological risk assessments. The company is presently applying the combined matrix modeling and life history theory approach, which was developed in this EMSP project, to fish populations to assess the risks of entrainment and impingement at cooling water intake structures. This EMSP research was also the basis for a new project to extend the matrix modeling approach to include (1) more species, (2) explicit consideration of habitat changes, and (3) other sources of stress or mortality, in addition to entrainment and impingement. This new research will be conducted by one of the EMSP co-principal investigators, Dr. Kenneth Rose, at Louisiana State University.
5
PROJECT PRODUCTIVITY
The research was completed on schedule without the need for revisions to the work plan.
Major products included publications in peer-reviewed journals (two published or in press; two submitted) and two book chapters in a published book. In addition, numerous presentations were made at meetings of technical societies, further enhancing the communication of research results with the scientific community. Finally, the productivity of the project could be measured by the number of graduate students and university faculty who participated in the research. Such collaborations and educational outreach activities benefit the larger research community by communicating new technical advances, such as the innovative improvements in risk assessment methodologies that were developed in this project. 
PERSONNEL SUPPORTED
Graduate Students
TRANSITIONS
The population matrix models that were developed to assess risks of contaminants to wildlife populations will be modified to include other risks and additional species. At the request of the Electric Power Research Institute (EPRI), the modeling approach will be expanded to fish populations to assess the risks of entrainment of fish eggs and larvae and of the impingement of juvenile and adult fishes.
These are sources of mortality associated with the withdrawal of large volumes of cooling water by electrical generating plants. The research will be conducted by a private company, Applied
Biomathematics, Inc. Results of the EMSP project also led to new studies that will be funded by EPRI but conducted by one of the project's co-principal investigators, Dr. Kenneth Rose. Dr. Rose was invited to attend a joint EPA-EPRI workshop on the new requirements under Section 316 of the Clean Water Act, and gave a presentation on his EMSP research. The new work will be funded by EPRI (Dr. Douglas Dixon, Program Manager) and will extend the EMSP study to include other species, explicit consideration of habitat, and other sources of mortality, in addition to entrainment and impingement.
PATENTS
None.
FUTURE WORK
To illustrate the importance of modeling population-level responses, a case study is planned, using contaminant effects on mink to compare traditional and population dynamics-based approaches to risk assessment. Additional research is needed to expand the framework for risk assessment that was developed in this project. The logical next steps for improving methods for assessing risks to wildlife populations are (1) expansion of the dose-response data base and models to include dermal and respiratory exposure routes and (2) enhancements to the population models to investigate the indirect effects from prey and spatial influences on risk. Results of these proposed investigations will further reduce the uncertainty associated with ecological risk assessments and improve the scientific basis for evaluating remedial action alternatives.
